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VUccneqopanve padoyero Mecta cylecapa IO KOH- 
TPOJIBHO-H3MepHTeJIbHbIM IIpHOopaM WM aBTOMaTHKe 
(KMIIMA) B OOO «Onn-Tenekom» no3BOMII0 
BbBIABUTb TIaBHbIM BPeTHbIM TMpOW3BOICTBeCHHbIM 
(bakTop. ITO LTyM, KOTOpbIM paciiIpocTpaHsAercaA OT 
He@TelilepekayuBarolllero OOOPpyAOBaHHA UW MOCTOSH- 
HO JleHicTByeT Ha paOoTHuKa. YcTaHOBIeHO, 4TO Ha 
JIAHHOM IIPOW3BOJCTBe IKBUBAJICHTHbIM YPOBECHb 3By- 
Ka paBeH 86 2bA mpu HopMe He Oosree 80 WbA. Pa6do- 
que MOBepraroTcA BO3J,eCMCTBHIO IlyMa B Te4deHHe 
8 4aCOB B CMeHY C JBYMA TeEXHOJIOrM4eCKUMH Tepe- 
pprBamu 10 15 MHHYT B TMepBow HU BTOpOM TOJOBHHE 
padoyero JHA. 3azaya 10 CHYKeHMIO IITYMOBOrO BO3- 
JICMCTBUA MO%KeT OBITh pellieHa C TOMOIIbIO pa3Me- 
IeHuA Ha HOTOIKe B padoueM TOMeIIeCHH LWITY4HbIx 
3ByKONOrIoTHTeNenH. TakuM o0pa30M, I[eJIbkO HCCIIe- 
JOBAHHA ABJIACTCA PacudeT UX HEOOXOAMMOLO KONIMYe- 
cTBa. B pe3ylbTare BbINOJIHCHHOM Hay4Ho paOorsl 
yNasIOCb YCTAHOBUTb, YTO MOHTAK 60 ycTpovicTB 103- 
BOJIAT CHH3HTb JO JOMYCTHMOrO YPOBeHb 3ByKa, a, 
CJICHOBAaTEJIBHO, HW KIacc yCMOBMK Tpya. Kpome Toro, 
CHU3HTCAH YIOMJIACMOCTb paOOTHHKOB, YJIYUIIMTCA 
COCTOAHHE HX 30POBbA, MOBbICHTCA MPOH3BOUMTEIIb- 
HOCTB. 

Ksmouesbie cj10Ba: cilecapp KUIInA, padouee 
MeCTO, YCJIOBMA Tpya, WIyMOBOe BO3eHCTBHe, 
IITYYIHBIM 3BYKOMOFIOTHTEeIIb. 


Bpejenne. B TegqeHve MHOrHMX JIeT COXpaHAOT 
CBOIO aKTYaJIbHOCTb Hay4Hble MU MpuKIaHble pe- 
IWeHHA B Ctepe Oe30MacHOCTH yCNOBMH Tpywa 
Ha lpou3BoyctTBpe. Ha HedtemepepadarTprBaro- 
IMX NpeAMpuATHAX OHA U3 CaMBbIX BOCTpebo- 
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The study of the workplace of instrumentation 
technician in LLC "Oil-Telecom" allowed us to 
identify the main harmful production factor. This 
is noise, that spreads from the oil pumping 
equipment and constantly acts on the worker. It 
is established, that in this production the equiva- 
lent sound level is 86 dBA, when the normal 
level is not more than 80 dBA. Workers are ex- 
posed to noise for 8 hours per shift with two 
technological breaks of 15 minutes in the first 
and second halves of the working day. The prob- 
lem of noise reduction can be solved by placing 
single sound absorbers on the ceiling in the 
working room. Thus, the aim of the study is to 
calculate their required number. As a result of 
the performed scientific work, it was found that 
the installation of 60 devices will reduce the 
sound level to an acceptable level, and, conse- 
quently, the class of working conditions. In addi- 
tion, the fatigue of workers will decrease, their 
health will improve, and productivity will in- 
crease. 


Keywords: instrumentation technician, working 
place, labour conditions, noise effect, single 
sound absorber. 

Introduction. For many years, scientific and 
applied solutions in the field of safety of work- 
ing conditions at work remain relevant. Instru- 


mentation technician is one of the most demand- 
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BaHHBIX Wpodeccuu — cilecapb NO KOHTPOJIb- 
HO-H3MepHTeJIbHBIM WpHOopaM UM aBTOMAaTHKe 
(KMIInA). Yayamenue ycropun Tpyqa Takux 
CielMalMCTOB WpewwosaraeT CHWKeHHE ypoOB- 
HA pa3JIM4HbIX BPeCHbIX HM OMACHbIX MaKTOPOB. 
B paMkKax JlaHHoro UCCeqOBaHuA PpaccMOTpeHa 
3alaua CHWKeHUA WIyMa Ha padoyuemM MecTe 
cnecapa KUIMA B OOO «Onn-Temekom». 
Hlocranospka mpodsembr. BamouHAa cBOu 
JOJDKHOCTHbIe OOA3AHHOCTH, ClIecapb Mepemeliia- 
eTCA 110 TeppHTOpHM HacOcHOH cTaHIWu. OcHoB- 
Hy!0 4acTb padoyero BpeMeHH OH MPOBOANT B I0- 
MeII[CHHH C MOJ{bEMHbIM HM HarHeTaTeJIbHbIM O00- 


PYHOBAHHCM JO2KKUMHOU HacocHoyw CTaH- 
uu (puc. 1). 
Conventional pumping unit Flare 
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ed professions at oil refining enterprises. Im- 
proving the working conditions of such special- 
ists involves reducing the level of various harm- 
ful and dangerous factors. This study considers 
the problem of noise reduction in the workplace 
of an instrumentation technician at LLC "Oil- 
Telecom". 

Problem Statement. Performing his duties, 
the instrumentation technician moves around the 
territory of the pumping station. The main part 
of the working time, he spends in a room with 
lifting and pumping equipment of the booster 
pump station (Fig. 1). 


TpaeKTOpHA Tepe BMKeHHA 
cllecapa 

pattern of movement of the 
instrumentation technician 


MCTOUHHUK IIlyMa 
noise source 


Puc. 1. Cxema nepemeijenua cnecapa KMII“A no Tepputopun HacocHon cranumu OOO «Ons-Temekom» 


Fig. 1. Pattern of movement of the instrumentation technician at the pump station LLC "Oil-Telecom» 


Cnecapp KMIInA o6cstyxnBaeT 1 peMOHTUpyeT 
KOHTPOJIBHO-H3MepHTeJIbHbIe IpHOOpbI U aBTOMa- 
THKYy HelMOcpeyICTBeHHO B MecTax HX yCTaHOBKH Ha 
yuacTkax. B mporecce BBITIOJIHCHHA TAKOM paoorTsl 
COTPYJHUK MOABepraeTca BO3CHCTBHKO IlyMa, 
YPOBCHb KOTOPOFO COOTBETCTBYeT BPeIHbIM YCJIO- 
BUAM Tpyla 2-H CTeMeHM OMACHOCTH. IKCIepTHbIM 
olpoc paOOTHUKOB 0OKa3as1, ITO MHTEHCHBHOe 
INYMOBOe BO3JeHCTBHe HeOarONpHATHO BIIMACT 
Ha lIpOTeKaHHe HeEPpBHBIX IIPOIeccoB, CIOCOOCTBY- 
CT pa3BHTHIO YTOMJICHHA, MOABJICHHIO IITYMOBOU 
TWaTOJIO‘MU MU MpOBOUMpyeT px 3a00eBaHHH, ca- 
MOe paciIIpocTpaHeHHoe U3 KOTOPBIX — MeJICHHO 
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The instrumentation technician services and 
repairs control and measuring instruments and 
automatic equipment directly in the places of 
their installation in the areas. In the process of 
his work, the employee is exposed to noise, the 
level of which corresponds to the harmful work- 
ing conditions of the 2nd hazard level. An expert 
survey of employees proved that intensive noise 
exposure adversely affects nervous processes, 
contributes to the development of fatigue, the 
appearance of noise pathology and provokes a 
number of diseases, the most common of which 
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mporpeccupyromlee CHMKeHHe Cilyxa 110 TUIY 
KOxJIeapHoro HeBpuTa [OmmOKa! Ucrounnk 
CCbIUIKH He HaneH. |. 

B lIpou3BOJCTBeHHbIX YCJIOBMAX HCTOUHHKaMH 
IyMa ABJIAFOTCA padoTarollMe CTaHKH HU MeXaHu3- 
MbI, PYYHbIe MeXaHH3HpOBaHHble MHCTPYMeHTHI, 
QJIEKTPHYeECKHE MallIMHbI, KOMIIpeccopbl, Ky3He4HO- 
IIpeccoBoe, TOXbEMHO-TpaHcHopTHoe, BCIIOMOra- 
TeJIbHOe OOOpyOBaHHe (BEHTHJIALMOHHBIC YCTaHOB- 
KH, KOHJMUMOHeps!) UT. A. JlomycTuMble ITyMOBBIe 
XapaKTepHCTHKU padouWx MeCT perlaMeHTUpyIoTCA 
POCT 12.1.003-2014. Lym. Oomme tpedopanua 
Oe30nacHocTH [2], CaHHMTapHbIMu HOpMaMu 
CH 2.2.4/2.1.8.562-96 [3]. B kayecrBe oOljeH xa- 
PakTepHCcTHKU WtyMa Ha padouux MecTax IIpHMeHs- 
eTCA OICHKa YpOBHA 3ByKa B JbA. Lym u3smepsetca 
C MOMOIIbIO ItyMomepa 1-ro wm 2-ro KiIacca TOU- 
HocTu 10 TOCT 17187-2010. LtymMomepsi. Uacts 1. 
TexHuyeckie TpedoBaHna [4]. 

Ha paccmatpHBaemom padoyemM MectTe IIryM I10- 
CTOAHHBIM, paclIlpocrpaHAeTca OT He@TAHOrO OOOPy- 
OBaHHA, peqHasHayeHHOrO JIA WepeKadku HeTy. 
Iilym HacocHow jevicTByeT Ha paOoyero B TeyeHHe 
3,5 4acos, T. e. mo4TH 40 % BpemMeHu padoyel cMe- 
HbI. C yueTOM TIpOBeJIeHHbIX H3MepeHHH 3KBUBA- 
JICHTHbIM YPOBeEHb 3ByKa COCTAaBHI 86 WbA, 4TO BBI- 
me JOMycCTUMOrO 3Ha4eHHA Ha 6 ZbA. Pe3yubrarsl 
YW3MepeHuit NpeCTaBJIeHbI B Taos. 1. 
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is Slow loss of hearing by cochlear neuritis type 


[1]. 


In a production environment the sources of 
noise are the working machines and mecha- 
nisms, hand held power operated tools, electric 
machines, compressors, forge-and-press, materi- 
al handling, supporting equipment (ventilation, 
air conditioning), etc. The acceptable noise 
characteristics of workplaces are regulated by 
GOST 12.1.003-2014. Noise. General safety re- 
quirements [2], Sanitary Standards SN 
2.2.4/2.1.8.562-96 [3]. The assessment of sound 
level in dBA is used as a general characteristic 
of noise in the workplace. Noise is measured 
using a noise level meter of Ist or 2nd accuracy 
class according to GOST 17187-2010. Noise 
level meter. Part 1. Technical requirements [4]. 

At the workplace under consideration, the 
noise is constant; it spreads from oil equipment 
designed for oil pumping. The noise pump influ- 
ences the worker for 3.5 hours, 1.e. almost 40 % 
of the time of his working shift. Taking into ac- 
count the measurements, the equivalent sound 
level is 86 dBA, which is higher than the per- 
missible value by 6 dBA. The measurement re- 
sults are presented in Table. 1. 


Taosutita 1 
Table 1 


IlapamMerTpbI IlyMa B pa3JIM4HBIX padOounx 30HAaX 


Noise parameters in different work areas 
HaumeHosaHie padouel 30HbI Yposeub 3ByKa, JbA | Bpema Bo3szerictBua, % 
Name of the working area Noise level, dBA Time of exposure, % 
[eHepaTopHbit O10K 
Generator unit 
JlaOopaTopua NpoBepKH ra30aHaM3aTOpoOB (padouni CTO!) 49.7 35 
Laboratory testing of gas analyzers (desktop) 


JlaSopaTopua MpoBepKH ra3z0aHasM3aTOpos (maliKa) 49.7 15 
Laboratory testing of gas analyzers (soldering) ) 


HacocHaa 





Pumping station 
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IIpu OHOBpeMeHHOM JIeHCTBHH JBYX UCTOU- 
HMKOB LlyMa C pa3JIM4HbIMM ypoBHAMNU L; Uu Lo 
CYMMapHbIM SKBUBaJICHTHbIM YPOBeCHb 3ByKa CO- 
cTaBuT 86 WbA (Tadn. 2). 


With the simultaneous operation of two noise 
sources with different levels of L; and Lo, the to- 
tal equivalent sound level will be 86 dBA (Table. 
2). 

Taosuira 2 
Table 2 


MakTuyeckne U HOPMaTHBHb{le 3HaYCHUA SKBHBAJICHTHOTO HW MaKCHMaJIBHOrO YPOBHA 3BYKa 


Actual and standard values of equivalent and maximum noise level 


MakTop HopmaTuBHoe 3HadeHHe 
Facto Standard value 


OKBUBAJICHTHBIM YPOBeHb 3ByKa, JIbA 
Equivalent noise level, dBA 
M i BA 
aca pore 3ByKa, JI 10 93.0 
Maximum noise level, dBA 


V3 IIDMBCACHHBIX BbImIC TAHHBIX CUICHyeT, ITO 





9IKBUBAJICHTHbIM YPOBCHb 3BYKa He COOTBETCTBY- 
eT TpeOoBaHusaM CH 2.2.4/2.1.8.562-96. Takum 
00pa30M, 10 JaHHOMy OKa3aTesIO YCHOBUA Tpy- 
ja cnecapax KMIIMA oTHocatca K BpeqHbIM 2-1 
cTeleHu (kulacc 3.2). 

CirieqyeT OTMeETHTb, 4TO pyre NOTeHIMasIb- 
HO HeOarolnpuATHble (akTOpb! (BUOpalluA, CBe- 
TOBad Cpeyla, MAKPOKJIMMAaT, TH2KECTb MU Halips- 
XKCHHOCTh paOoTs!) HE OMpeJeAKOT YPDOBCHb 
OMacHOCTH yCOBHM Tpyya cnecapa KUIMA 
Ha OOO «Onn-Tenekom». 

AHaJIM3 TOAXOJ0B K pelmleHutd Npods1eMBI. 
JIA 3alMTbI OT Wyma: 

— pa3pa0aTHIBaeTca UryMoOe30MacHad TEXHH- 
Ka; 

— WCIOIb3yYIOTCA CpeyICTBa WM MeTOJIbI KOII- 
N€KTUBHON 3amMTE! (OCT 12.1.029-80. CCBT. 
CpeCTBa HW MeTOJIbI 3allIMTbI OT WlyMa. Kuaccu- 
(bukauna [5]); 

— IIPHMeHSAIOTCA CpeyICTBa HHJMBUyalIbHou 
3a TBI; 

— BHeJPAIOTCA CTPONTebHO-akycTu4eckue 
MeTOJIBI. 

MepbslI 0 3alljuTe OT LIyMa HeOOxOJIMMBI IIpu 
pa3paO0oTKe TeXHOJIOrM4eCKHX TIpOmeccoB, u3ro- 
TOBJICHHH WM SKCIUIyaTallMH MalllMH, Upou3BoL- 
CTBCHHBIX 3aHHH WU COOpyxKeHHH, a TakxKe IPH 
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MakTu4yecKoe BennunHa 


3HAYCHHE OTKJIOHCHHA 


Actual value Deviation value 


From the above data, it follows that the equiv- 
alent noise level does not meet the requirements 
of SN 2.2.4/2.1.8.562-96. Thus, according to this 
indicator, the working conditions of the instru- 
mentation technician are referred to the 2nd haz- 
ard level (class 3.2). 

It should be noted that other potentially ad- 
verse factors (vibration, light environment, mi- 
croclimate, severity and intensity of work) do not 
determine the level of danger of the working con- 
ditions of the instrumentation technician at LLC 
"Oil-Telecom”. 

Analysis of approaches to solving the prob- 


lem. For noise protection: 

— noise-safe equipment is being developed; 

— means and methods of collective protection 
are used (GOST 12.1.029-80. Occupational safety 
standards system. Means and methods of noise 
protection. Classification [5]); 

— personal protective equipment is used; 

— construction and acoustic methods are be- 
ing introduced. 

Measures to protect against noise are neces- 
sary in the development of technological process- 
es, manufacture and operation of machines, in- 


dustrial buildings and structures, as well as in the 
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OpraHu3allMu padouero MecTa. 

KoHeuHo, JIA UCKIIFOUCHHA BIIMAHMA Ha pa- 
OOTHHKOB MpOW3BOJCTBCHHOLO IlyMa HeoOxoH- 
MO YCTpaHUTb ero HCTOUHUK. ITO HanOosee pa- 
I[MOHAJIbHbIM UW MepCieKTHBHbIM MeTO, OopbObl c 
HeOarOlpuATHBIM 3BYKOBbIM BO3eHCTBHeM. B 
KaueCTBe aJIbTepHaTUBbI paccCMaTpHuBaeTCA pa3- 
paOoTKa cpejJICTBa, CHW KaFOMero YpOBeHb IlyMa 
Ha IlyTH ero paciipocTpaHeHua OT HCTOUHHKA JO 
3all[MIaeMbIx OObEKTOB. OCHOBHBbIC BapHaHTbI 
— yCTaHOBKa aKYCTHYeCKHX 9KPaHOB, B TOM 
4HCIe MHHOBALIMOHHOTO Tula [6, 7], 4 IpuMeHe- 
HUe 3alMTHbIX KOKYXOB, KarlorTos [8, 9]. 

OH 43 HanOosiee 9*—)PeKTHBHBIX MPHHILMMOB 
— 3BYKONOrIOMmeHue. ITO OcaOeHHe YPOBHA 
3BYKa, PaclIpOCTpaHAFOMerocs B MOMeIIeCHHH, 
BCJICICTBHe OTPAKeCHUA IHEPrHU OT OOJIMILOBOU- 
HbIX MaTepHasIOB Orpaxk CHUM, KOHCTPYKTHBHBIX 
yacTei oOopynoBaHna. KoodduluenT 3ByKOnNO- 
TIOMeCHHA IpesCTaBIIAeT COOOM OTHOIMeHHE 
9HeprHu, NormomweHHoN | M~ MoBepxHOCcTH, K T1a- 
jarollen Ha 3TY NOBepxXHOcTs dHeprun. Ucnob- 
30BaTb 3BYKONOTIOMNeHHe WesIecooopa3Ho, ecu 
KOIPMUUMEHT 3BYKONOFIOWeHHA MaTepHasia He 
MeHee 0,2. 3BYKONOFIOMeHHe C MCIIOJIb30BaHHeEM 
MaTepHasioB, OOaqarOllux BbICOKUM Ko3I@muu- 
CHTOM TOPIOMeHHA, WO3BOJIACT CHU3HTb YPOBCHb 
uryMa 70 8—10 WBA. OueBu yuo, 4TO ypOBeHb 
3aIlMTbI 3HAa4UTeIIbHO YBCJIM4YMBAeTCA Tp COB- 
MeCTHOM HCIIOJIb30BaHHH MeCTOOB 3BYKOM30I14- 
IMM UM 3BYKOMOTIONeHHA. 

C TIOMOIMIbIO TEXHHYeECKUX CpeJICTB He Bcerya 
yuaeTcA peliMTb WpoOsIeMy CHWKeHUA YypPOBHA 
itymMa. B 9sTOM CBA3H OObUIOe BHUMAHHe yelA- 
eCTCAH UCIOUb3OBaHHIO CpeCTB HHAMBUAyasIbHou 
3alMTbI (CM3): anTumouos, 3arslyliek, HaylIHu- 
KOB, YIUHbIX BKJIaJ[bIeH, UIIeMO(@OHOB, KaCcOK 
MW yp.). OnHako culesyeT YIMTHIBaTb, 4YTO Hellpa- 
BUJIbHOe IpuMeHeHve CU3 MOxeT CJY2KUTb MIpU- 
YHHOK MpOW3BOJCTBeCHHOIO TpaBMaTH3Ma UH IIpo- 
(peCCHOHAJIBHBIX 3a00eBAaHHH. BaxkHo, 4TOOBI 
CpeyICTBa WHMBUyaIbHOU 3allMTbI mo yOupa- 
NMCb UpaBWJIbHO B 3aBHCHMOCTH OT YpOBHA U 
cliekTpa lryMa. Kpome Toro, HEOOXOJJMM KOHTPOJIb 
YCJIOBHH UX IKCIMTyaTalMn. 

CpejicTBa JIA CHWDKeHHA IyMa Ha padoueM Me- 
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organization of the workplace. 

Of course, to eliminate the impact of industri- 
al noise on workers it is necessary to eliminate its 
source. This is the most rational and promising 
method of dealing with adverse noise effects. As 
an alternative, we consider the development of a 
tool that reduces the noise level in the way of its 
propagation from the source to the protected ob- 
jects. The main options are the installation of 
acoustic screens, including the innovative type [6, 
7], and the use of protective covers, hoods [8, 9]. 

One of the most effective principles is sound 
absorption. This is the weakening of the sound 
level propagating in the room, due to the reflec- 
tion of energy from the cladding materials of pro- 
tective covers, structural parts of the equipment. 
The sound absorption coefficient is the ratio of 
the energy absorbed by a surface of | m’ to the 
energy incident on that surface. To use sound ab- 
sorption is advisable if the sound absorption coef- 
ficient of the material is not less than 0.2. Sound 
absorption with the materials with a high absorp- 
tion coefficient, can reduce the noise level to 8-10 
dBA. It is obvious that the level of protection sig- 
nificantly increases by the joint use of sound insu- 
lation and sound absorption methods. 

It 1s not always possible to solve the problem 
of noise reduction with technical means. In this 
regard, much attention is paid to the use of per- 
sonal protective equipment (PPE): anti-phones, 
plugs, headphones, earplugs, headsets, helmets, 
etc.). However, it should be borne in mind that 
improper use of PPE can cause occupational inju- 
ries and diseases. It is important that personal 
protective equipment is selected correctly depend- 
ing on the level and spectrum of noise. In addi- 
tion, it 1s necessary to control the conditions of 
their operation. 

Means for noise reduction in the instrumenta- 
tion technician workplace were assessed from the 


point of view of the analysis of the set of all fac- 
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cre cnecapa KMIIMA oneHuBalch Cc TOUKH 3peHHuA 
aHasIu3a COBOKYHHOCTH BCex (akKTOpOB (B TOM 
qucie 93pPrOHOMHKH), OlipeyeAttOUMx  BbIOOp 
TIpHHWMHa WIyMO3allMTbI. OcoOeHHOcTH BHeLIHen 
TeOMeTPHH VU (PYHKUMOHAIbHBIX Y3JIOB OOOPyOBa- 
Hua Ha OOO «Ons-TemeKkom» He MO3BOJIAIOT CHU- 
3HTb IIYM B erO HCTOUHHKe UH B HacTosllee BPeMA 
He MOryT ObITb YCOBepIIeHCTBOBaHbI. HeBo3mMoxKHa 
TaKKe YCTaHOBKAa 3BYKOMOIOMAOlUx OOJIMIOBOK 
WM aKYCTHYeCKUX IKPaHOB, TaK KaK HeOCTaTOUHO 
MeCTa JIJId UX pa3sMelleHua. B TOM CBA3u TIpeyyia- 
raeTca MpOBeCcTH HHXKCHeEpHO-TeXHWYecKHe Mepo- 
IIPHATHA, CBA3AHHbIC C IIPOCKTHPOBaHHeM VW MOH- 
T@KOM OOBEMHBIX 3BYKONMOMIOTHTeIeH, He 3aHH- 
MarOINMX padouyro TOMatb MW He MeIUAarOlux pa- 
Ooyemy Hporeccy. 3ByKONOrIOTUTeIM (OObeMHBIe 
Tela, 3aNOJIHCHHbIe 3BYKONOMIOMaIOWIMM MaTepu- 
ayIOM) paciOslaratoT 110 HepHMeTpy BepxHeit YacTu 
CTCH WIM TIpUKpelsIAKOT K MOTOJIKY Ha OlpeyesieH- 
HOM BbICOTe H Ha PaBHOM paccTOAHUMU pyr OT py- 
Tra — Tak, 4YTOObI OHM He BIIMAIM Ha OCBelleHHe 
paOouHx MecT. 

IIpoeKTHpoBaHHe cpecTB KOJWICKTHBHO 
3allMTbI B BHC WITYYHbIX 3BYKONOrIOTUTE- 
eH. Utak, TilaTeyIbHOe OOcIeqOBaHve MO3BOIIN- 
IO YCTAHOBUTb, YTO HCTOUHHMKOM ILyMa ABJIACTCA 
rpyuinma HacocoB c JBuraTeuaAMH. CooTHOUeHue 
IIpeebHO JOMYCTHMOrO UW PaKTHYeCKOLO ypOB- 
Heil WlyMa id TaHHoro padoyero mMecta rpadu- 


YeCKH IIpeCTaBJICHO Ha puc. 2. 


tors (including ergonomics) defining the choice of 
the noise protection principle. The features of ex- 
ternal geometry and functional units of the 
equipment at LLC "Oil-Telecom" do not allow us 
to reduce noise in its source and cannot be im- 
proved now. It is also impossible to install sound- 
absorbing linings and acoustic screens, as there is 
not enough space for their placement. In this re- 
gard, it is proposed to carry out engineering activ- 
ities related to the design and installation of single 
sound absorbers that do not occupy the working 
area and do not interfere with the working pro- 
cess. Sound absorbers (solid bodies filled with 
sound-absorbing material) are placed along the 
perimeter of the upper part of the walls or at- 
tached to the ceiling at a certain height and at an 
equal distance from each other — so that they do 


not affect the lighting of workplaces. 


Design of collective protection in the form 
of single sound absorbers. Thus, a thorough ex- 
amination revealed that the source of noise is a 
group of pumps with engines. The ratio of the 
maximum permissible and actual noise levels for 


a given workplace is graphically shown in Fig. 2. 


MPL =@ ITTY —e— Makruveckoe 3HayeHne 
Actual value 


Sound pressure level, dB 
YpoBeb 3BYKOBOrO aBsIeHHA, Jb. 





500 1000 2000 4000 8000 


Yactora, lu/ Frequency, Hz 





Puc. 2. CoOoTHOMeHHe MpeebHOrO HU PaKTHYeCKOLO CIIeEKTPOB Ha padoyem mecte ciecapa KMIMA 


Fig. 2. The ratio of the maximum permissible and actual spectra of the workplace 


of the instrumentation technician 
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Kak BUHO 3 puc. 2, ITyM lIpeBblilaeT mpe- 
JICJIbHO JOIYCTHMBIN ypoBeHub (IIJ]Y) mpaxtTuye- 
CKW Ha BCeM JMalla30He YaCcTOT. IKBUBAJICHTHbIM 
YPOBeHb 3ByKa HEOOXOJIMMO CHH3UTb Ha 6 JIbA. 

CorsacHo MetoguKe [10] pacuetTa mITy4HBIx 
3BYKONOIIOTHTeIeH, HEOOXOJMMO OIpejeIMTb 
UX ONTHMAJIbHbIe WapaMeTpbI U XapakKTepHCTHKU 
Cc yueTOM crieKTpa ulyma 10 CH 2.2.4/2.1.8.562- 
96 (Taos. 3). 


As shown in Fig. 2, the noise exceeds the max- 
imum permissible level (MPL) in almost the en- 
tire frequency range. The equivalent sound level 
should be reduced by 6 dBA. 

According to the method [10] of calculation of 
single sound absorbers, it is necessary to deter- 
mine their optimal parameters and characteristics 
taking into account the noise spectrum by SN 
2.2.4/2.1.8.562-96 (Table. 3). 

Taodnmuna 3 
Table 3 


IlapamMeTpbI llyMa, y4aHTbIBaeMBIle pu WOAOOpe WITYYHOrO 3BYKONOLIOTUTeIA 


Noise parameters taken into account when selecting a single sound absorber 


HanumMenHosBaHne 
Name 


YpoBeHb 3BYKOBOrO WaBsICHHA Ha 
padouem mecte L, 4b 


Sound pressure level 
at the workplace, dB 


JJoIrycTUMBbIM ypoBeHb Lion, Ab 


Permissible level Lyon, dB 
TpeOyemoe cHwxeune ttymMa AL,p, 0b 3 5 5 2) 
Required noise reduction AL yp, dB 


Step-by-step calculations are carried out to de- 


Jia ompeyesICHHA ONTHMAJIBHBIX WapaMeTpoB 
OOBEMHOLO 3BYKONOIOTHTEIA MPOBOJATCA MWOoTall- 
HbIe pacuerTBl. 

1. Onpeyemaetca TpeOyeMoe cHw>KeHHe IIlyMa 
Aly = L— Lyon. 

2. Ompeyesaerca uala30H YacTOT, B KOTOpbIxX 
YPOBHH 3BYKOBOrO JlaBJICHHA TIPeBbIMNAakOT JOINy- 
cTumble 3HayeHnad (AF = 125 — 4000 I), u pacuert- 
Had 4acTtoTa, B KOTOpOM OTMeYaeTcaA HanOoJIblee 
TIpeBbIweHHe L yoy. 

3. Onpezensetca Tapametp k, OObeMHOrO 3By- 
KONOMIOTHTeIA, OOeECIHeUMBAIOINMM MaKCHMAalIb- 
Hoe 3Ha4eHHe 3BYKONOMIOWIeHHA Ha YacTOTe 
1000 In. 

4. BpmiosIHeHHble pacueTbl C Y4eTOM JaHHBIxX 
Tao. | u 2[10] ycraHoBusmM, 4TO ONTHMasIbHBIM 
payuyc 
rep = 15 cm. B 9TOM cory4ae yOBIIeTBOpAeTCA yCJIO- 


ccbepu4yeckoro 3BYKONOPIOTHTeIA 


BHe MaKCHMyMa KOoUUMeHTa 3BYKOMOMIOMICHHA 
B HavOOJIbILeM JMatia3o0He YacToT. Kpome Toro, J10- 


S-jyourna 


CpejqHereomerpuueckHe 4acTOTbI OKTABHBIX 1010C, Ci 
Centre frequency of octave bands, Hz 


@ [15 [250 | 500 | 1000 | 2000 | 4000 | 8000 





termine the optimal parameters of the solid sound 
absorber. 

1. Determination of the required noise reduc- 
tion AL, = L—Lyon. 

2. Determination of the range of frequencies 
in which the sound pressure levels exceed the 
permissible values (AF=125—4000 Hz), and the 
calculated frequency in which the highest excess 
Of Lyon. 1S Observed. 

3. Determination of the parameter k, of the 
solid sound absorber, which provides the maxi- 
mum value of sound absorption at a frequency of 
1000 Hz. 

4. The performed calculations together with 
the data in Tables 1 and 2 [10] revealed that the 
optimal radius of the spherical sound absorber ry 
= 15 cm. In this case, the condition of the maxti- 
mum of the absorption coefficient in the highest 
frequency range 1s satisfied. In addition, the op- 





CTHraroTCA OMTHMaJIbHbie 3Ha4eHHA AKTHBHOM U 
peaKTHBHOM COCTAaBJIAFOINMX UMieaHca Ro = 0,83 
HW Yo = —0,56. 

5. HanOosee NOAXOTAUIMM 3BYKONOTIOMIat0- 
IMM MaTepHasIOM JIA MpOeKTHpyeMOro 3BYKO- 
IIOMIOTHTeCIA ABIIAKOTCA IWJIMTbI W3 WITallesbHOrO 
6 = 50 mM, 
HocTb, y = 40 — 60 Kr/M’), y KOTOPBIX 3Ha4YeHHA 


CTCKJIOBOJOKHa (TOJINIMHA, IWIOT- 
COOTBETCTBYFOIIMX MMIMeaHCoB OJIM3KH K OLTH- 
MA@JIBHBIM, OLIpeIeJICHHBIM Ha Iare 4. 

6. B kKayecTBe 3all[MTHOrO HOKPbITHA MOTsO- 
THTeIIA BbIOpaHa CTeKIOTKaHb Tuna J1-100. 3Ha- 
YeCHHA COCTABJIAIOMIMX MMUewaHca CTeCKIOTKaHH 
Ry U Yy UW CYMMapHble 3Ha4deHHA COCTABIIAIOIIMX 
MMieyqaHca YCTpOMcTBa OllpeyesIeHbl corsac- 
Ho [11]. 
TaOu. 4. 


Pe3ylIbTaTbl pacueTOB CBeJICHbI B 


timal values of the active and reactive compo- 
nents of the impedance Ro = 0.83 and Yo = -0.56 
are achieved. 

5. The most suitable sound absorbing material 
for the designed sound absorber are plates made 
of staple glass fiber (thickness 6 = 50 mm, densi- 
ty y = 40-60 kg/m’), in which the values of the 
corresponding impedances are close to the opti- 
mal ones defined in Step 4. 

6. Fiberglass type 91-100 is chosen as a pro- 
tective coating of the absorber. The values of the 
components of the impedance of fiberglass Ry 
and Yy and the total values of the components of 
the impedance of the device are determined ac- 
cording to [11]. The results of calculations are 
summarized in Table. 4. 


Taosmmuia 4 
Table 4 


3Hauenuad R,, 4 Yy B OKTABHBIX MouwOcax 


Ry and Yy values in octave bands 


Ooo3HaueHHe 
Notation 


VMoumeyaHc 
Impedance 


CpeqHereomMeTpuyeckne YaCTOTbI OKTABHbIX 


nosoc, I 
Centre frequency of octave bands, Hz 


eee oe ee eer, 


Munenauc IWJIMT W3 WITalleJIb- 


ror [os [12 [os [os | 1 [126 [143 


HOrO CTe€KJIOBOJIOKHa TOMI: 
Hoii 50 mM, y = 40 — 60 xr/m 
Impedance of the staple fiber Y. —0,24) 0,39 
plates of thickness of 50 mm, 
y = 40 - 60 kg/m’ 
eS = 


VMmmenanc cTeKuIOTKaHH 


mapku 91-100 
31-100 fiberglass —— + 0,03 0,42 | 0,59 


ee eee eereenateatas 


Mmieqanc KOHCTpyKI[MH 
The design impedance 





J\asbHeMiine BbIYMCJICHHA C TOMOUIbIO IBM Further calculations with the help of a com- 


MO3BOJIMIM OlpeseUTb POpMy LWITYYHOLO 3By- puter allowed us to determine the shape of a sin- 
gle sound absorber as a cube with the edge side of 


24 cm (Fig. 3). 


KONOFIOTHTeIA B BUe KyOa CO CTOPOHON pedpa 
24 co (puc. 3). 
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Puc. 3. Moyes OObeEMHOrO 3BYKONOFIOTHTeIA 


Fig. 3. Model of solid sound absorbers 


3BYKONOPIOTHTeIb BbINOJHeEH W3 TWIT UWTa- 
TI@IbHOTO CTeCKIOBOJIOKHa TOUMMHOK SO MM 
(y = 40-60 kr/m’) c 3aLMTHBIM HOKpbITHeM 13 
crekoTKaHH 31-100. OObeKTHI pa3MeleHbI Ha 
moTouKe. PaccrosHue MexK Ty UX TreomMeTpuye- 
CKMMM WeHtTpamu fh, =0,86mM. Pa3yqenuB mJI0- 
Wadb WoToIKa S,or Ha WIOWab 30HbI BIIMAHUA 
MOPIOTHTeIIA, BbITCHUM, CKOJIbKO IITYK HeOOxo- 
MMO Jit WaHHOoro WoMemeHusa [10]. B qaHHom 
ciyyae vI0mlayb 30HbI BIMAHHA 
h; =0,75 M. 


2 S 
Snot = 75 M’. HeoOxoaqHMoe 4HCIIO MOTIOTHTeIen 


paBHa 


IInomjaqb mOTONKa paBHa 


— 60. CxemMa ux pa3MelleHua TpeycTaBeHa Ha 
puc. 4, 5. 


- g--m-5 


-e = 
-iR = 
-B = 


-=- a—--5---8 


The sound absorber is made of 50 mm thick (y 
= 40-60 kg/m”) staple glass fiber plates with a 
protective coating of 91-100 fiberglass. The ob- 
jects are placed on the ceiling. The distance be- 
tween their geometric centers h; = 0.86 m. Divid- 
ing the ceiling area S,.; on the area of a sound 
absorber influence, we find out how many pieces 


are needed for this room [10]. In this case, the 
area of influence is h? = 0.75 m’. The ceiling ar- 
ea is equal to S,5, = 75 m’. The required number 


of absorbers is 60. The scheme of their placement 


is Shown in Fig. 4, 5. 





Puc. 4. [Iman pa3MellleHua OOBEMHBIX 3BYKONOPIOTHTeIeH 


Fig. 4. Scheme of placement of solid sound absorbers 
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Puc. 5. Moyes pa3mMelleHua OOBCMHBIX 3BYKONOrIOTHTeIeH 


Fig. 5. Model of placement of solid sound absorbers 


CpaBHeHve fpeyeybHoro u dakTH4eCKOrO 
CIe€KTPOB IIyMa HOKa3bIBaeT MOTeCHI[MasIbHYy!O 


HOPMalIM3alM1O ITYMOBOM OOCTaHOBKH Ha padoueM 


Mecte cyrecapa KUMI MA (puc. 6). 


MPL ~@rUAY —¢e— DMakTHUecKoe 3Ha4UeHHe 


Actual value 
114 


= 
a] 


a) 
Lr 


85 


75 


65 


a5 


Sound pressure level, dB 
. YpoBeb 3BYKOBOrO aBeHHa, Wb. 


45 


The comparison of the maximum permissible 
and actual noise spectra shows the potential nor- 
malization of noise situation in the workplace of 
the instrumentation technician (Fig. 6). 


—@®—|locie BHenpeHHa 
After the introduction 





500 1000 2000 4000 8000 
Yactota, lu/ Frequency, Hz 


Puc. 6. PacueTHbIM ypoBeHb 3BYKOBOrO JaBJICHHA MOCIIe BHEAPeHHA CpeCTBa 3all[MTHI 


(OOBeMHBIX 3BYKONOrIOTHTEeJeH) 


Fig. 6. The calculated sound pressure level after the introduction of the protection means 


(sound absorbers) 


3ako4ueHHe. CucteMa OOBeMHBIX 3BYKOIIO- 
TIOTHTeEIeH MO3BOAeCT CHH3HTb YPOBeHb IlyMa 
Ha paOouem mecte ciecapa KMIMmMA fo mpenens- 
HO JIOITYCTHMBIX 3HAaYeHHH. PacuerTbl, BbIMOJIHeH- 
Hble B paMKax JaHHOTO UCCIeOBaHHA, MOKa3BbI- 
BalOT, 4TO TMpW paBHOMepHOM pacripeyeneHun 
WecTHecaATH OOBEKTOB Ha MOTOJIKeE YyCOBUA 
Tpyaqa B MOMeIeHHM yiryullatTca c 3-ro KyIacca 
(BpeHbIe) 0 2-ro KIacca (JJOMNYCTHMBIe). 
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Conclusion. The system of solid sound ab- 
sorbers allows us to reduce the noise level in the 
workplace of the instrumentation technician to the 
maximum permissible values. The calculations 
performed in the framework of this study show 
that with a uniform distribution of sixty objects 
on the ceiling, working conditions in the room 
will improve from the 3rd class (harmful) to the 
2nd class (acceptable). 


a 





IIpopegeHue OnMCcaHHbIX MepormpuaTHuH obec- 
I€4YHT Oe30MaCHOCTb Tpyja UW TAKUM O0pa30M Co- 
XPpaHUT %KW3HH UW 320poBbe pabdoTarommx. Ha 
IIPOW3BOJCTBe COKpaTHTCA 4HMCIIO HeCuYaCTHbIX 
ciydaeB u 3a00eBaHHi. biaroyapsA UCIOIb30Ba- 
HH1O OOBEMHBIX 3BYKONOIOTUTeIeH CHW KaeTCA 
He TOJIbKO YpOBeCHb 3ByKa, HO HM YTOMJIACMOCTb 
TlepcoHasla, MOBbIMmMIAeTCA MPOM3BOJMTeJIBHOCTh 
Tpyya. 
HallpaBsleHa Ha COBepPIIICHCTBOBaHHe BbIMMCIIe- 


JjanbHevinad padoTa OlKHa OBIT 


HMM, KACaFOWIMXCA CHCTeMbI 3BYKONOIIOTHTEeeH. 
Kpome Toro, HeOOxOJMMO paccMOTpeTb HOTeCH- 
Mall COBPCMCHHEIX 3BYKOMOMIOMatOMMx MaTe- 
puasoB, B TOM 4uCIe COMCTOrO TUM. 
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Carrying out the described activities will en- 
sure safety and thus save the lives and health of 
the workers. The number of accidents and diseas- 
es at work will be reduced. Due to the use of solid 
sound absorbers, not only the sound level is re- 
duced, but also the fatigue of the personnel, labor 
productivity is increased. Further work should be 
aimed at improving the calculations relating to the 
sound absorber system. In addition, it is necessary 
to consider the potential of modern sound- 


absorbing materials, including layered ones. 
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